TABT.F. 1: PROJECTED INVESTMENT 
IN AND INCOME FROM A CAMPESINO 
FISH CULTURE UNIT 
Invettmem (in S Colombian) : 

Pond construction, with pick and shovel I 800 

Construction of inlet and drainage ditches 400 

Cost of twenty-four cages, at (40 each 960 

Food plants J00 

Unforeseen costs $ 40 

Total Investment 13,000 

Annua! Maintenance Cost: 

(including repair of cages) $1,500 

TOTAL ».5M> 

Income 

Net Production per cage, first year 26 kg 

Production of twenty-four cages, 

first year 624 kg 

Value of harvest, first year (assuming a price 

or 110/kg of fish) S6.Z40 

Value of the harvest, second year (minimum 

of two harvests) $12,480 

As of Summer, 197S.S2850 Colombian was the 
equivalent of S I .00, V. S. Funds 

creased nourishment provided by the fish to the 
campesinu family and to their livestock must be added. 

DISCUSSION 

Professor Patikto envisions that such ponds could be 
set up not only on campesino farms, but also "in 
grammar and high schools, in training schools, voca- 
tional agricultural institutes, in SENA, and even in the 
universities" where they would serve educational, 
scientific and recreational functions, as well as pro- 
vide food. He suggest) that die crop could be used in 
school cafeterias or shared among the students. "The 
development of fish culture should be conceived as 
a great crusade operating throughout the national 
educational system," he writes, "How much more 
useful and functional this type of activities and edu- 
cational experiences would be than the bland and 
repetitive textbook instruction which is now given in 
our centers of education." 

I can only add that the need for the type of edu- 
cation and action urged by Professor Patino extends 



far beyond Colombia. The lack of effective aquacul- 
rure programs in must of Latin America is obvious. 
Those few which have been proposed or enacted are 
mostly concerned with taking advantage of long grow- 
ing seasons and cheap labor supplies to produce a 
product for export or sale to the relatively affluent, 
and confer economic benefit only to the entrepreneur 
and a handful of laborers, A few plans which have 
taken better aim at the important economic, nutri- 
tional and ecological problems have foundered for a 
variety of reasons — biological bottlenecks, lack of 
research funds, failure to approach the problem at a 
level meaningful to the campesino, etc. Professor 
Patino has surmounted these problems to design and 
test a fish culture system that is ecologically and 
economically sound with great potential to alleviate 
tome of the problems of Latin America 

- Anib.it Patino R. 
Precis by William 0. McLmmty 
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A New Low-Cost Method of 
Sealing Fish Pond Bottoms 



In no part of the world it atjuaculture less de- 
veloped than in Latin America, despite its great 
potential there and the shurlnge of protein foods in 
much of the region. One of the constraints on the 
development of Latin American aquaculture has 
been the porosity of many of the soils - a problem 
which is by no means limited to Latin America. Such 
was the case with a 200 m* pond constructed in 
1973 at Finca El Uno, located at Tirimblna, Provin- 
cia de Heredia, Costa Rica. Compaction of the soil 
alone was not enough tu enable the pond to hold 
water. The soil at the pond site appears to contain 
quite a high percentage of clay, but there is a porous, 
sandy layer at a depth of 2- J feel. Rainfall in the 
area is about 120 inches annually. 

Similar problems have been solved in a variety 
of ways in the United States and other affluent 
countries. Bentonilc clay is the most common seal- 
ing agent-, when mixed with the pond bottom soil 
in the proper proportions it forms a colloidal seal. 
A similar effect may be achieved through the ap- 
plication of certain chemical salts. Many American 
fish farmers have lined their ponds with sheets of 
polyethylene, butyl rubber, and other synthetics, 
which are then buried. In extreme cases, small 
ponds may be cemented. 

All the sealing methods mentioned so far 
share the characteristic of being expensive. This is 
a disadvantage anywhere, bul in situations where 
capital is a major limiting factor, the expense can 
be prohibitive. We were able to circumvent this 
problem by applying a virtually cost-free method 
of sealing at Finca El Uno. The technique does not 
originate with us, but is of Russian origin and has 
not been well publicized. We became aware of It 
when Marsha Zilles of Sanla Barbara, California, 
sent us a copy of an abstract from an architectural 
design journal briefly describing how Soviet 
scientists had scaled ponds by artificially inducing 
the formation of a "gley" or "biological plastic", 
as occurs naturally in bogs. 1 The process, as adapted 
for use in Costa Kica, proceeded as follows: 

1. The pond bottom was completely cleared 
of debris, rocks, etc, 

2. The buttoin and sides were covered com- 
pletely with wastes from nearby hog pens. Care was 
taken to apply the material tu the vertical sides of 
the pond as well as to the bottom. This layer and 
each subsequent layer of material was added in 
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quantities sufficient to just cover the previous 
layer. 

3. The hog pen waste was completely covered 
with freshly cut grass and banana leaves, plus a 
few discarded cardboard cartons. 

4. A (bird layer, of soil taken from near the 
pond site, was added and tamped down firmly. 

5. After between 2 and 3 weeks, the pond was 
flooded. 

The pond retained water immediately upon 
filling, with no leakage whatsoever The cos! of seal- 
ing was limited to labor costs; the materials used were 
all "wastes" which would have been discarded in the 
course of normal farm operations. 

The process involved in forming the seal is a 
bacterial one, which requires anaerobic conditions. 
It is possible that plastic anil rubber pond liners 
actually act in the same way. White great care is 
taken to prevent punctures in the installation of such 
liners, it may be that their long-term effecliveness 
is, in Fact, a result of the creation of anaerobic I on 
ditions underneath the liner. The suggestion Is that 
a variety of waste materials, if properly applied, 
would seal porous soils, thus enabling the Russian 
melhod to he adapted for use practically anywhere. 

So far as we know, the experience tepotfed here 
is the first tevt of the gley formation method of pond 
sealing in the tropics, or anywhere outside the 
U. S S. R. If its application turns out to lie universal, 
as appears likely, the implication is thai many areas 
of the world which, up to now, have been closed to 
aquaculture (except perhaps by large corporations or 
government agencies) can now he opened lo this 
method of food production. We would very much 
like lo hear about any experiences our readers may- 
have with pond scaling. 

- William O. Mcljimey 
J. Hobert Hunter 
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INTRODUCTION 

Before we ask our readers to embark upon the noble 
,ui and science (if raising fishes in their own backyards, 
it might perhaps be wise to explain ourselves. In these 
troubled times there no doubt will be those who think 
there arc more productive ur important pursuits. 
Nuclear disarmament, wise government and the reforma- 
tion of institutions undoubtedly demand our finest 
energies, 'the needy, trapped by birth or circumstances 
in wirious kinds of hell, must be helped. We admit 
these problems demand lire best minds. 

We address ourselves to an equally relevant yet more 
distant reality - to some five to twenty years hence when 
tire world may undergo rapid and unhappy changes 
caused by our lung misuse of the earth's living mantle 



and by die exhaustion uf stored fuels. We don't believe 
the nuclear myth that claims that new powers will save 
us in the nick of time. In fact, we view the development 
uf the atom to be humanity's folly; the spectre of the 
peaceful atom is as frightening in the lung run as the 
existence of the nuclear military establishments. 

New Alchemists ;nt builders of "lifeboats" and 
"arks". It is our contention that they will 'be needed 
desperately, if humanity is to avoid famine and hard- 
ship, and manage to shift t» modes uf living which 
restore or rekindle our bonds with nature. 

It is strange that such diverse sources as the Club 
of Rome, sundry ecologists and economists, and the 
American Petroleum Institute all concur that there is 
evidence of serious trouble ahead and there has been 
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'minced sugar cane and table scraps, plus whatever the 
animal can furage. Such a diet is usually deficient in 
animal protein. Colombian campesinos cannot afford 
to make up this deficit by the use of concentrates, 
as is done in more affluent countries Professor Patifto 
suggests that excess small cultured tilapia could fill 
this gap ^' M '' M * purpose he recommends T mosstwi- 
i bica which ran lie maintained without supplemental 
foods on plankton in fertilized ponds, and multiplies 
more rapidly than T. rentiatti. The two species could 
be grown in polyculture, or a separate small pond 
could be set aside for J" mosiimifciai. The pigs or 
chickens could be maintained near the fish pond so 
that the ponds can be fertilized with their manure. 

Young 7". moiuimbsi.i were tested for acceptability 
as food fur chickens and pigs. The tests on chickens 
were preliminary and established only that chickens 
prefer cooked fish. Tests with bogs were more exten- 
sive. These animals eagerly accepted whole, raw young 
T. mommtbica. They had no difficulty with hones or 
fin rays. 

One quantitative feeding experiment was conducted 
with hogs. Four one month-old Duroc Jersey liogs were 
divided into two pairs (due male and one female per 
pair). The control pail, which h.nl a mean weight uf 8.6 k%. 
was fed twice daily with cooked platanus (including 
peels) and minced sugar cane, in increasing quantities 
as the animals grew. The experimental pair, with a mean 
weight of 7.5 kg, received (lie same diet, plus a daily 
ration of whole, raw 7' monambica measuring up to 
8 cm in total length. The daily tilapia ration was 100 g 
per hog at the start uf the experiment and was in- 
creased to 250 g over the experimental period. 

After four niunths, the hogs were weighed again. The 
mean weight of the control animals was 16.5 kg, that 
of the test animals 24.5 kg, or 3 3.1 pet cent more, even 
though they had started the experiment being slightly 
smaller. The mean weight gain of the controls was. thus 
7.9 kg, or 4H per cent, while the hogs whose 
diet was supplemented by tilapia had a mean weight 
gain of 17.0 kg, or 69. 4 per cent. 

Professor Patifto does not consider the final weight 
of either pair of hogs satisfactory, due to irregularities 
in the feeding regime. Neither can his results be con- 
sidered statistically significant. Nevertheless, the ex- 
periment indicates what might be achieved. 

THE"CAMPESlNO FISH CULTURE UNIT" AND 
ITS ECONOMICS 

Rased on the results of the experiments described 
here, Professor Patifln Iras drawn up a plan fur a 
"Unidad Piscicola Campesina" (Campesino Fish 
Culture Unit), using T rtmialli, with the potential 
to accommodate additional species. The physical 
layout of such a system is illustrated in Fig. 1. 

His plan for the UPC, as he calls it, includes the 
following instructions: 



1. Selecr a pond site with die help of an expert. 
New Alchemy 's new mediod of pond sealing should 
render site selection easier (McLamey and Hunter, 
see page SS). 

2. Plant the area around the pond site with Fish 
food plants. Professor Patiriu suggests one hundred 
(Uilks ufyuia, one hundred t.iiitvnl burr, i li.ij luiuuis.i 
and other suitable plants as available locally. These 
need occupy less than Vi hectare. It is important tu 
plant before beginning pund construction, so that 

the plants arc producing by the time the fish need 
food. 

3. Build two ponds: 

a. A nursery pond ("csfanquc crUdcro"), 5 in 

x 20 in x 1 m, connected by a ditch to a good water 
source, with another diteli for drainage. When tilled, 
the nursery pund should he fertilized. When the water 
turns green, add five hundred to one thousand 
juvenile T. rendaili 

b. A growing pond ("estanque para pulus") 
near the nursery pond, also provided with inlet and 
outlet ditches. The growing pond should be at least 
i in x 20 tu, and 1.5 tn deep. Plant this pond with 
aquatic plants and intruduce twenty -four cages, each 
measuring 1 m x 1 ni x 1 m, spaced cquidistantJy, Eiicli 
cage should be equipped with legs to keep it 3d cm 
off the bottom. 

4. When the tilapia Start to grow, select individuals 
6-8 cm in total length and stock them It 200 per cage. 
All the cages can be stocked at once, or stocking can 
be staggered to suit the cultural. 

5. Feed the fish in the cages twice daily, in the morn- 
ing and late afternoon, with leaves uf the food plants. 
Feed us much as the fish will consume, hut no more. 

If feasible, supplement their diet with wheat or nice 
bran. 

6. Inspect each cage monthly to determine if 

heal th and growth of the fish ate satisfactory Fin tins 
purpose, the cages may be lifted slightly so that the 
quantity of water in them is reduced. They should nut 
he lifted completely out of die water or held up too 
lung, as the fish will become very excited and subse- 
quent losses due to jumping out may occur. 

7. Harvest after five months, or when the fish have 
reached the desired size. 

Using the costs reported by campesino* who have 
built ponds in the vicinity of Mateguadua, and the 
results uf the experiments reported here, Professor 
Paiimi makes the following economic projection 
(Table I). 

According to Professor Patiiio's projection, in the 
first year, with only one harvest and all of the initial 
costs of construction, a profit of $1,740 Colombian 
dollars could be realized. In subsequent years, with 
harvests up ami expenses down, the projected profit 
would be $10,980 Colombian, with only two harvests 
per year. To any such evaluation the benefit uf in- 



(if useable vegetation. 

4. They arc tolerant of poor soils. 

Priifessui I'arinn Suggests the consumption of 
aquatic plants by T.reniialli might be useful in weed 
control, I would like to suggest that in some instance! 
they con M he ' ■pastured". In general, the provision of 
vegetable Foods for tilapia should he left up to the 
individual farmer who hest knows his local resources. 
If die leaves of a plant, such as yuca or hanana, which 
can also provide the farmer with food or ■ cash crop, 
can he employed, so much the better. 

CULTURE OF T RENDALUW CAGES 

The major problem in tilapia culture is overpopulation 
resulting in stunting. Three solutions have been applied. 

1, Careful selection of only male fish for the culture 
pond. 

2. Production of "monosex" hybrids — une hundred 
per cent male or nearly so, 

3 Careful use of predator)' fishes to thin, hut not 
eradicate, the tilapia. 

These techniques ail require inputs of energy and 
managerial skill which cannot ordinarily It expected 
of the Latin American campesino embarking on a 
completely new food-raising enterprise. Cage culture 
solves the problem more simply. The eggs of all species 
of tilapia sink and are Initially deposited in a nest dug 
in the bottom of the pond When the fish are confined 
In wire cages suspended off the bottom, the eggs pass 
through ihe cage bottom out of reach of parental care. 
The pond in which the cages are placed or preferably. 
another pciiri, can be used as a natural "hatchery" 
in which tilapia are left to multiply virtually un- 
managed. From lime to time, slock can he selected 
Groan this pond for intensive culture to market size 
in the cages 

Oilier advantages of cage culture include: 

1. Intensive culture with minimal labor and ma- 
te riu Is. 

2. Technological and economic feasibility for the 
cilmpcsinn 

i. Facilitation of feeding, inspection of the stock 
and harvest. 

4 Continual harvest and replenishment of growing 
stock 

5. Rendering many types of water bodies useable 
for fish culture. 

The first iwo cages constructed by Professor Patina 
and the students were made of galvanized wire mesh and 
chanu or chano {Huniiriiisirvm firocerum) a local water- 
resistant wood The cages, 2 m x I m x 1 m, were 
situated on legs which raised them 25 cm off the pond 
bottom Later cages were constructed more economi- 
cally by making four of the sides from such indigenous 
materials as cane. Wire was used Tor the bottom so 
that enough light could penetrate to permit the growth 
of oxygenating plants underneath the cage. 



The cages were placed 1 m apart in one of the ponds, 
over a dense growth of KlaJea tach cage was stocked 
with 50 or 100 three month-old T. rtndaffi with a mean 
weight of 22 5 g. Hach cage received a handful of bore 
leaies twice daily. Two cages received an additional 
daily supplement of wheal bran. At the beginning of 
the experiment each cage was given W kg of bran daily. 
This was gradually increased to 1 kg/day. 

The result was excellent growth and low mortality 
(four per cent). For the first month the young fish, 
which had been reared previously on commercial 
pelleted food, refused to eat the bore leaves. Sub- 
sequently they accepted (he (eaves and grew rapidly. 
Af tet five months in the cages, when the fish were 
right months old, the mean weight of the fish not re- 
ceiving the bran supplement was 165 g. Those receiv- 
ing the supplement averaged 200 - 250 g. Growth slow- 
ed considerably after five months, indicating the logical 
time to harvest. 

After five months, the tilapia which did not receive 
the bran supplement had increased their weight by a 
factor of 7.J3. The comparable factor for the supple- 
mented fish was 8.89- 11.11. 

For purposes of comparison, Professor Patifiu cites 
Kuronuma (1968) who describes the cage culture of 
various marine fishes in the fertile Inland Sea of Japan. 
Kutonuina considered an annual production of 29 kg/m* 
remarkable. These fish were fed a high quality dry food 
with a conversion ratio of 1.6. In Professur Patiflo's 
experiments, the unsupplemented 7". rendalli, stocked 
at 100 fish/cage, produced 28. S kg/m 1 of pond surface 
in five months. While no attempt was made to deter- 
mine the conversion ratio of bore leaves, it was un- 
doubtedly much higher than 1.6. At New Alchemy 
East we have achieved a good conversion rate of 
1.5 with Tilapia aurca and Tilapia i/tfii, and believe 
that part of our success Is due to small amounts of 
animal protein (earthworms, insects, etc.) in their 
diet, particularly when the tilapia are small (McLar- 
ney and Todd, 1974). 

"One-upmanship" in terms of weight/surface area 
data is an occupational disease of fish culture Un- 
doubtedly the production achieved by Professor 
Patifio could be bettered by using concentrated 
frni.lv or by technological improvements. What 
matters is not competition among fish culturists, 
but the fact that his technique is inexpensive and 
does not require great sophistication on the part of 
the farmer, yei can result in the production of hun- 
dreds of kg of fish in a short time within a small area. 

INTEGRATION OF FISH CULTURE WITH 
CULT URE OF HOGS AND CHICKENS 

Professor Pali fin points out tint, while Colombian 
fanners commonly raise chickens and hugs for sale 
or their own use, growth of these animals is limited 
by their diet, consisting chiefly of corn, platano peels. 
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1 little effort in any segment of society to research and 
create alternatives within an ecological and self- 
' renewing framework. 

" This apparent collective need to bury our heads in 
. the sand has frightening portent. If reality is not 
faced there will be no option but to play out the drama 
against the backdrop of our time. Ir was this inaction, 
I added to the practice of governments, businesses and 
universities of making a commodity out of genuine 
crisis that spawned the formation of The New Alchemy 
Institute. It seemed necessary to us to leave academe 
? in order to pursue without compromise those problems 
facing humanity that seemed most important to us. We 
' have not regretted our decision although finding support 
'has proved difficult. 

* The authors of this manual began collaborating in 
.' die mid 1960's in Ann Arbor when we shared research 
', space in the basement of an old university building 
' which formerly had been a morgue. Our work was 
I disparate but related; Bill was studying the hehavioral- 
! ecology of stream fishei in southeastern Alaska,* and 
r John was researching fish navigation and enmmunica- 
tion. We made several discoveries which helped unveil 
the mysteries of the fish's world. We found that cat 
fishes navigate through a taste sense which is spread 
over their bodies,** and that some fishes have evolved 
chemical languages by which they communicate com- 
plex and intriguing social information."** The aquatic 
nedium was for us a strange and fascinating milieu, 
one to which we arc still continuously drawn in order 
in learn of the workings of the world. 

Several years later we wotked together in San Diego 
to research the influence of environmental stress on 
the behavior of fishes. A laboratory exercise which had 
S\ been set up to demonstrate to our students the effects 
of DDT on the social organization of fish proved a 
pivotal point in our lives. We discovered that, in some 
species, minute quantities of the poison could sever 
key social bonds, including those between parents and 
their young. On the other hand, several species were 
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not affected. We found the more highly the fish were 
evolved socially the more vulnerable they were to 
DDT. We became concerned that industrial societies 
might be triggering a natural selection process in lakes 
and oceans that could lead to the replacement one day 
of the more social and highly bchaviorally organized 
creatures with organisms that would be more primitive 
socially. It seemed we were peering into ail evolutionary 
process that was turning backwards as a result of man- 
kind's iusensilivity. 

We established a research program to explore rhe 
interrelationships among environmental stress, fish 
social behavior and the nature and stability of eco- 
systems. We wanted to learn whether behavioral studies 
would permit glimpses into the evolutionary past 
thereby enabling us to gain some understanding of the 
fate of a species exposed to pollutants and unstable 
environments. Subsequently the program was moved 
from San Diego to the Woods Hole Oceanographic 
Institution on Cape Cod. 

After several years the first pieces of the jigsaw 
puzzle began to fall into place. We found that there 
are indeed linkages between the behavior of an animal, 
its environment and its vulnerability to stress. An 
environmental ethology theory was formulated to ex- 
plore and map out this new area in biology.* 

During this period, Hill was winding up the three-year 
task of writing, with two other noted ocean scientists, 
the definitive English language text** on marine and 
freshwater aquaculture, and had acquired during his 
travail extensive knowledge on the culluring of aquatic 
foods. 

Neither of us liked the doom watch aspect of our 
stress research, though it was fascinating. It had led us 
into a worldwide network of environmental scientists, 
most of them with nothing but bad news from their 
discoveries. Many were too narrowly focused and 
specialized to sec the implications of their work, hut 
a few did; it was not long before we began to discuss 
what creative and positive steps could be taken to 
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help ati unhealthy planet. Twenty-first century pioneer- 
ing was very much on our minds. In luxe 1969 New 
A It hi- my was born. 

We realized ut (he outset thai the problems faring 
humanity were interrelated ant] could not be dealt 
null separately if lasting changes were to ensue. 
Energy, food, environmental health, land use, manu- 
facturing, our estrangement frum ourselves, each other, 
anil tlit living wurtd, mid governmental crises were 
WOVCII into the same tapestry. 

This very inierconnectcdness is overwhelming, and 
must often inhibiting. YVhere is the forest and where 
are the trees? Vet only a wholijtic approach tn survival 
and reconstruction is appropriate if humanity is to 
avoid the agonies inherited front earlier social, 
economic or technical "fixes," For an individual, the 
only genuine way to approach wholism is to reduce 
the sense of scale to as much of the world ai can be 
directly experienced and perhaps comprehended. The 
keys 10 the future seem to He in a reduced sense of 
teak, and a wholistic kind of pioneering which could 
be .it once exciting and creative, yet rerpiire little 
capital. Where to begin? That was very much the 
question (hen. 

During our earliest discussions it was proposed that 
one approach to food crises, as well as alienation from 
nature, would he to have everyone to become a fanner. 
If people could spend part of their time culturing many 
of their foods in a manner thai would be pleasurable 
and without heavy toil, could new notions of freedom 
and cooperation evolve? 

It seemed, at first, a sick joke to entertain such fan- 
tasies. The facts were not in our favor. In conventional 
terms such notions don't osually work. Most people 
have neither capital nor resources to purchase land or 
equipment to farm. At the present there is little popular 
demand, even among radicals, for land reform. Nor is 
there a popular social or political vision of nations and 
regions as gardens, Eden is hidden from us. Besides, as 
the "realists" are so fond of pointing out, most people 
wouldn't want to farm. The country hick is still the 
lowest caste in our popular mythology, 

Yet our idea wouldn't go away. We knew that the 
majority of families keep dogs or cats, tropica) fish, 
birds, even alligators. Many tend lawns, cultivate house 
plants, prune hedges or garden. Psychically, people are 
drawn to living tilings, even when their pets are just 
caricatures of nature. There is something basic about 
the need in most of us for a relationship with non- 
human life - even in our plastic-fantastic society where 
nature herself is feared. 

As humans, we want to be involved with life. Perhaps 
then it's not too great a step for us to transfer this drive 
tu an involvement with creatures that can sustain us, 
and thereby enhance the living world beyond ourselves. 
[his innate urge perhaps needs only to be cultivated, 
educated and extended for people to see why they must 



begin to culm re their own foods and become actively 
involved in developing deeper relationships between 
nature and human communities. Those who come to ic c 
die connection between their urge to be closer to life 
and i he need to culture some of their own food would 
become, in spirit, farmers and stewards of the earth. 
Their fields could be as humble as boxes filled with 
earth, their forests a stand of trees against a brick wall 
and their lakes small pools where life in great diversity 
could nourish and sostain them. Their efforts could 
become a vanguard followed by other restorative 
changes. 

We began to see glimmerings of survival possibilities 
and, beyond these, transformations for society. In 
pragmatic terms these new beginnings would require 
little capital and small spaces (o send down first roots. 
Miniature farms could he designed so that beautiful 
foods could be cultured and diets augmented every- 
where. During hard times many people might be spared. 
We believed it would take an urban, as welt as a rural 
agriculture to reverse the dynamic of industrial society 
and to create an ethic needed to restore countryside 
and landscapes. 

The educational challenge need not be overwhelm- 
ing; people could learn to grow foods, just as they 
learn to read or write or drive a car. Perhaps (hey need 
only to be convinced that the fotmcr can be exciting 
and mysterious as well as practical, and that food 
culture is as enlarging in its way as writing or reading, 
and has the added advantage of being a survival tool. 

In moving from theory to practice, the first step we 
conceived was the backyard fish farm, a pool where 
most of the meal protein for a small group of people 
could be grown. 

BACKGROUND TO 

Tllri BACKYARD FISH FARM 

An anthropologist friend once told us a story about 
die Chinese in Malaysia many of whom have a unique 
custom which caught our fancy. In rainbarrels under the 
eaves of their houses, they keep fish intended for eating. 
The fish they select for culture are close to ideally 
adapted to the somewhat unorthodox environs of a 
rainharrel. During hor days oxygen in the water is 
often depleted, but the resident fishes, members of a 
group of fishes called gouramis, have an accessory air- 
breathing organ, similar to a lung. They stick their 
heads out of [he water and breathe air, thereby 
surviving the vicissitudes of life in a barrel. Their diets 
are simple and easy to obtain. They are primarily 
vegetarian and will happily cat foods humans reject, 
like guurds and the tops of tuberous plants. To their 
culturists (hey present the additional advantage of 
being both delicious and nutritious. Fish in a rain- 
barrel funny, but ecologically sound, cheap, and 

perhaps potentially liberating from the company 
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To describe briefly the four species; 
T. mosiambica is omnivorous, but feeds mostly on 
phytoplankton and benthos. It is a moothbreeder and 
multiplies very rapidly, which leads to overcrowding 
and sometimes enables it to out-compete valuable, but 
less prolific or aggressive species. T. remittiti is herbi- 
vorous by preference. Though noi a mouthbrreder, it 
is, nevertheless, more prolific than either of the char- 
acini studied Both species of tilapia are considered 
good food fishes. 

The bocaehico is economically the most important 
fish in the Cauca valley. It feeds on algae and detritus, 
obtained by sucking up mud and pcriphyton. In the 
Cauca valley, it may compete with T. massambka. 
The hocachico lives mostly in standing or slow-moving 
waters, but requires running water to breed. 

The jetudo, in nature, is entirely a creature of 
swiftly flowing waters. It feeds primarily on algae at- 
tached to rocks and river bouoms and is described as 
having a "delicate" flavor. 

Professor Patina has only begun to investigate the 
possibilities of culturing the two native species, but 
he has raised two important questions: 

1. What is the behavior of the jetudo when confined 
in standing water? 

2. What is the effect on growth of the bocaehico in 
ponds when combined with T. massambka or T, 
rettdatli? 

With respecr to the first question, it was demon 
strated that the jetudo will sorvive and grow in stand- 
ing water. This is also troe of another edible characin, 
the machaca, Biycon gnatemalensh, which occurs 
naturally only in flowing waters (McLatney, 1971b). 
Sixty-four jetudo, with a mean weight of 69.3 g, 
were introduced into one of the ponds. Over a period 
of twelve months they grew to a mean weight of 
aboot US g. Only four died. Prior to the introduction 
of the fish the pond was fertilized with commercial 
14-14-14 fertilizer and planted densely with EtoJej 
nmdtmh to maintain high levels of dissolved 0^ 
The lowest concentration recorded during the 
experiment was 6.8 ppm. This experiment was dis- 
rupted somewhat by the accidental introduction of 
some young T, massambka, which may have com- 
peted for food with the jetudo. 

Two ponds were used in the tilapia - bocaehico ex- 
periments. One was stocked with ISO juvenile boca- 
ehico with a mean weight of 34.7 g and 100 T. 
niossambka with a mean weight of 6.0 g. The other 
pond received an idenrical lot of bocaehico plus 80 
7'. reiidailt with a mean weight of 47. a g. (It should 
be noted here that a possible limiting factor in cul- 
ture of the bocaehico is its drlicacy with respect to 
handling. Mortality of bocaehico during capture, 
transport and stocking was thirty five per cent, that 
of tilapia less than five per cent.) Prior to stocking, 
both ponds were fertilized with 14-14-14 at the rate 



of 1 kg/pmuli ur the time of stocking (he water in 
both was light green. The T. rendall, pond was dense- 
ly planted with Elodca canadensis. Three months 
later, Efodea was placed in the T. mossambka pond 
as well, to aid in oxygenation. 

Periodic examination of the stomach contents of 
sample fish showed that there was more overlap be- 
tween the feeding niches of the bocaehico and T. 
mossambtca than between bocaehico and T, reudilli 
While the ponds differed in such respects as size 
and reproductive rate of tilapia, dissolved 2 con- 
centration, provision of supplementary food (leaves 
of various plants sop plied daily to the T. reinhili), 
and abundance of aquatic plants, the evidence sug- 
gests that the combination bocachicu - T, rendolli 
is complementary, while rhe combination bocaehico 
— 7' mo i sain bkii — is not. 

This conclusion is more strongly supported by the 
relative growth rates of the hocachico in die two ponds. 
After twelve months the bocaehico confined with T. 
massambka had reached a mean weight of about 94 g, 
while those in the 7". tendalli pond had reached a mem 
weight nearly double that - about 17S g. 

If bocaehico or jetudo are to be used in ptactical fish 
culture, they must be bred in captivity. This has not 
been done to date, but Professor Paliuo does not fore- 
see this as a serious problem. He thinks that the process 
of pituitary injection, which has been successful in 
inducing many other typically rheopbilic South Ameri- 
can fishes to spawn in standing water (de Menezes, 
1966), is likely tu succeed with these species also. 

1 he remainder of the work was carried out 
solely with the two Tifapia spp. Some of this work 
has further implications for polyculturc 

USE OF AGRICULTURAL WASTES OR 
WEEDS AS FISH FOOD 

A variety of terrestrial and nquatic plants were 
tested for acceptability for food for 7\ leinhiltt 
Fifteen, including the aquatics Elattea canadensis, 
Patainogeton criipus and Cbara sp were consumed 
readily. Ramos (1971) and Huet (1970) offer addi- 
tional lists of plants accepted by herbivorous (ilnpiii. 
Ilickling (1971) states that T. tendaits will accept 
a daily ration of 15% of its weight in yuca leaves 
{Mawbot esctileuta) or 3 3% in Calocasia. The dif- 
ference reflects rhe water content of the leaves. 

Of the plants tested, Professor Pat mo recommends 
yuca, bore (Alocas'ta macrorhha) and chayamaiua 
(C)iidoscolus chayamansa), an edible eophoih shrub 
indigenous to Mexico. He lists four advantages of 
these plants: 

1. Their leaves are high in protein (17.2 per cent, 
23.25 per cent and 24,2 per cent, respectively). 

2. They are easy to grow and can be propagated 
vegeta lively. 

3. They grow rapidly and produce large amounts 
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Cultivo Experimental de Peces enEstanques 



PR E FACE 

While one of the Kims of New Alchemy lies in the 
disenchantment some of 111 feel with the framework 
of institutional science, we ilo not wish 10 present the 
attitude that there is link of value in the work firing 
dnnr in universities and research stations of the world. 
Science and technology do make important contribu- 
[ions and from time «o time we shall describe some 
of the work which seems especially relevant from * 
New Alchemy point of view. 

Such an editorial effort is handicapped by the 
impossibility of keeping up with all the scientific 
literature in even one field. We are indebted to St. 
Alberto Donadio, of Meilellin, Colombia, for bring- 
in]; to our attention the work of Prof. Anibal Patifio R 
of ihe Univetsidad del Vallc, Cali, Colombia. 

Professor I'slihVs work is especially gratifying to 
me, since he has arrived independently at many ideas 
similar to my own for the development of tropical 
aquacultme (McLarney, 197 3a), and has demon- 
strated that they wilt work - biologically and eco- 
nomically. 

The following account, which should be of in- 
terest to anyone involved in tropical ecologies or 
economies, is excerpted and paraphrased, with 
Professor Patiiio's kind permission, from his paper 
"Cultivo experimental de pecei en estanqucs", which 
appeared in Cespedesia, Vol. II, No. 5, pp. 75-127. For 
information on obtaining the original paper (in 
Spanish), write Cespedesia, Jardin Botanico del Valle, 
Apartadu aercn 5660, Col), Colombia. 

INTRODUCTION 

Professor Patiiio's work parallels New Alchemy 
schemes for tropical aquaculture in four respects: 

1. He advocates polyculiure of certain species of 
Tttapk and local fish species. 

2. The primary foods for the fish, apart from those 
produced by fertilizing ihc fish pond, are weeds, agri- 
cultural wastes or various plants which can be culti- 
vated with a minimum of effort. 

3. Selected fish are grown to market size in cages. 
The remainder are left, essentially iinmaiiaged, in a 
pond which serves as a hatchery. 

4. Excess small fish are fed to other farm livestock, 
such a» hogs and chickens. The wastes from these 
animals are used to fettiliie the pond. 

Professor Patiilo has demonstrated the economic 
feasibility of this approach for the campesino (small 
farmer). He has also outlined plans for the imple- 
mentation of this sort of fish culture in ihc countryside. 

We shall discuss these features of Professor Patiflo's 
work in the order listed above. AN of the work described 



was carried out in four ponds Fed by the Rio Tulua in 
El Jardin Botanico del Vallc, Maleguadua, Colombia. 
The ponds, each 10 m x 30 m x 1.2 m, were lined with 
polyethylene and fertilized with cow manure. Professor 
Palirio and four students from the Universidad del 
Valle accomplished all of the work from the construc- 
tion of the ponds with pick and shovel to the conclu- 
sion of the experiments in a^ear and a half. 

POLYCUI.TURF. 

Four species were chosen for the initial studies: 
Tilapia mossauibtca Peters, Tilapia rendalli Boulanger 
(' Tilapia melanopleura), and two native cbaracins, the 
bocachico (Prochilodus reticulum! m .igd,i leaae Stein- 
dachner) and die jetudo or patalo {lebthyoetepkas 
longiroslrii Steindachner) The two tilapia were chosen 
because of the ease with which they may be t-ultuird, 
and because of their different feeding habits As both 
species arc already established in the Rio Cauca drain- 
age, which includes the Rio Tulua, there are no 
ecological objections to the use of these exotics. The 
native species were chosen because both are valuable 
food fishes currently threatened by environmental 
change, and because they might fill ecological niches 
complementary to the tilapia. 
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lores. . . fraught with possibilities. 
Thus we were inspired to delve into intensive fish 
" culture. But the tropics of the Far East are faraway and 
edible gnuramis are hard to come by. Besides, rain- 
barrels freeze in Winter. 

As ecologistl, with an orientation towards the 
development of self-sustaining human communities, 
m disagreed with most of what we knew about in 
tensive fish culture in North America and Japan Most 
western aquaculture is high technology - high capital 
■ cost, people-displacing stuff. There arc weird systems 
in Germany and Japan where fish are held in tiny 
aquaria like chickens in batteries and force-fed high 
protein foods. They are so crowded their bodies are 
sometimes not fully covered with water. (Bardach, 
Ryther & McLamcy, 1972) 

As one would expect the energy component, based 
upon electricity from fossil fuel or nuclear plants, is 
high. A lot of power is required to run pumps, lights, 
heaters, filters, feeders, sterilizers and other kinds of 
paraphernalia associated with the trade. There is also 
a lot of energy wrapped up in the construction of the 
technology itself. 

The energy component of most fish farms is not 
the worst offense. The foods that are fed to trout, 
salmon and catfish represent a form of agricultural 
imperialism and make little sense in the long run The 
feeds given these fish include: anchovies from Peru, 
herring meal, a variety of grains, soybeans, minerals 
and vitamins. Al in feertlot cattle, roods that could be 
used directly by humans are lost in being converted to 
animal feeds. It represents an inefficient use of the 
world's food resources and will ultimately prove 
r. economically shaky. Soybean and grain prices are 
skyrocketing and may stay high. Aquaculture, as we 
saw it several years ago, was suffering the same 
malaise as afflicts agriculture, and was even competing 
with it for dwindling resources. 

Industrial toxins such as mercury, lead, pesticides 
and PCBs fall with the rains and enter food webs on 
the ground. Animals eating contaminated plant* or 
preying on other animals tend to accumulate poisons. 
We suspected that many cultured fishes had concentrat- 
ed these toxins in their tissues as well. Fishes we tested 
from "wild" Cape Cod ponds had very high levels of 
DDT and its derivatives, especially in their fatly tissue 
We knew we would have to look beyond orthodox 
aquacullure for our inspiration if we were going to 
develop the backyard fish farm idea 

Algae or tbe Primary Food in on Ecologically 
Derived Fisb Farm 

Natural ponds, especially shallow ones, often turn 
green as tire result of the immense proliferation of 
millions of tiny algae suspended in the water. If a pond 
is fertilized, algae blooms can be so dense as to limit 
visibility 10 a few inches below the water surface. In 



such instances the production of plant matter is 

incredible. 

Most North American fish farmers do not like algae 
growing in their ponds and many spend considerable 
time and money on poisons in attempting to eliminate 
them. But one of the beauties of a pond is that it is a 
three-dimensional space, and all of this space, in theury 
at least, can be used to culture foods for the fishes that 
reside therein, provided algae, the basis for most aquatic 
food chains, arc allowed to flourish. We reasoned that 
somehow algae should become the foundation of our 
miniature fish farms, as they can purify wastes by 
using them as* nutrient source.* Algae we thought 
might be used as a direct source of feed, if fish that can cat 
algae could be found. A biologically sound form of 
aquacullure based upon algae would be inexpensive and 
iiv,nl,ibl<- id anyi'iir ubii wanted Tit try his hand ill il 
Since they arc abundant in even the smallest ponds, 
we felt that algae might prove easy to grow. 

Algae-Eaiing I'iibes 

When the great god Pan came to dispensing fish into 
the lakes and streams of North America, he neglected, 
for some capricious reason, to give us vegetarian fish 
large enough or sufficiently good-lasting to eat. The 
fish he gave us thai we consider edible feed upon other 
fishes and small animals. Trout, perch, bass and catfish 
are mainly flesh caters. We had 10 turn to other con- 
tinents in our search for a herbivorous fish that would 
thrive on algae yet be tasty. 

For centuries the Chinese have been doing incredible 
things with their ponds and lakes, and have developed 
fish fanning to Its highest state. (Figure I illustrates a 
Chinese poly culture pond). They are able to produce 
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Fij. 1 Chinese Carp Culture 
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enormous amounts uf food from standing bodies of 
water. Eight thousand pounds uf high tpiality fish per 
litre is not uncommon (Bardaeh, Ryther & Mi'Lamey, 
1972.) 

Chinese atpiaculuire is eminently biological and is 
based upon the careful selection of a variety of native 
fishes. Herbivorous species predominate. Fish farmers 
do all (hey can to encourage aigae growth including 
building latrines over punds as ■ source uf fertilization. 
The algae in their ponds provide the bulk of the food 
consumed by several favored species of fishes. In our 
opinion Chinese atiuacultuiists have a lot to teach the 
u hi lil about taising foods using the strategies uf 
nature. The present Chinese regime has extended the 
[I'iidilini], anil we have been told thai tlirii total pro 
ductinn of freshwater foods is staggering. 

Tilapia 

It was an algae-eating fish widi African origins dial 
caught our fancy as a candidate for the backyard fish 
farms. This fish, called tilapia or St. Peter's fish, is 
common throughout Africa and parts of the Middle 
East ll was the fish sought by fishermen in the Sea of 
(ij like in Christ's rime and legend has it dial this was 
the fish he fed to the multitudes. 

Tilapia have a lut going for them. They are relative- 
ly peaceful and, unlike many of the Chinese fishes, 
very easy to breed and transport. They can be grown 
in dense associations. Tilapia, depending upon the 
species, feed mainly on algae or aquatic vegetation and 
have a reputation for being superb tasting. They have had 
die added advantage of being cultured experimentally 
in several places in the southern United States. We 
thought they might be available for our me. 

There remained a major obstacle to out cultuiiug 
tilapia, namely, the fact that they are a tropical 
fish and require warn water for giowth and repro- 
duction. They would be unable to survive in the wild 
in North America except on the southern end of 
Florida or in the lower reaches of Texas and the 
Imperial Valley in California where they are already 
feral. From an environmental point of view this in- 
ability 10 survive in the wild was an asset as we would 
not be responsible for introducing an exotic fish that 
would enter lake ecosystems and upset natural 
fi nhigics, as the carps from Europe have done over 
the last hundred years. 

The temperature sensitivity would have seemed 
In rule out tilapia, but we were becoming interested 
in researching non-polluting sources of energy, like 
ilic son and the wind, and wanted an excose to use 
I htm where possible. If we could trap the sun's heat 
and store it in ponds, we might he able to create a 
"tropical" environment for enough of the year to 
laise at least one and perhaps several generations of 
tilapia. During the cooler months, the solar-heated 



ponds might be suitable climates for growing plants 
and perhaps even one or two cooler water fish species. 
The decision to use tilapia and to try to duplicate 
their requirements in our ponds torned out to be a 
happy one. In I?71 we built our first little duiue- 
covered pond in the woods not far from the sea on 
Cape Cod, 

BASIC OBJECTIVES OF NEW ALCHEMVS 

UACKYARL) pish FARM RESEARCH 

A number of guidelines were established at the out- 
set to ensorc that we continued to work towards our 
ultimate objective of building and testing low energy, 
low cost, ecologically-adaptive culturing systems for 
fishes. These miniature farms were to be suited to the 
needs of individuals or small groups with little in the 
way of monetary or land resources. They were to be 
survival tools for urban people who might find them 
selves without access to good foods during crisis 
periods. It was further hoped their development might 
introduce into food culture, and perhaps the public 
consciousness, ecological concepts of recycling, energy 
conservation and biological divetsity and stability. 
The small-scale food farm would be in some re- 
spects an image of the plain itself, providing a means 
of teaching stewardship and an understanding of the 
workings of the natural world. 

Objective 1 Food Source for Urban Areas 

A fish culturing complex was to be developed to 
provide high uuality fish to fill the protein needs of 
a small group of people. Our initial goal was to produce 
about one hundred pounds uf tilapia annually, during 
the warmer months from June through September, in 
the northeastern part of the United States. Longer 
term plans called for much larger yields and the intro 
duction of a diversity of cultured organisms. 

Objective 2. Com 

Initial construction costs were to be low. Subsequent 
electricity cost would be necessary to ran a small water- 
circulating pump. Eventually we planned to eliminate 
electricity from the systems altugether, using wind- 
mills for pumping and increasing internal biological self 
regulation. There would be no-cost foods for the tilapia 
and labor would be kept minimal. 

Objective 3: Self Regulation 

The fish farms, designed so that they would nut re- 
quire cuiistant surveillance, could be left unattended 
fur several days on end without harming the fishes. 

Objective 4; Space 

We wanted to establish a fish farm in as little a 
space as 25' by 25', suited to cities, suburbs, alleys, 
rooftops or vacant lots. 
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